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a b s t r a c t
A cross-sectional study based on a planned probabilistic sampling was carried out to estimate animal
and ﬂock prevalence of Brucella ovis in rams, as well as to determine risk factors at the ﬂock level. Data
regarding the ﬂocks were collected by means of a questionnaire applied on 705 farms in the state of Rio
Grande do Sul, Brazil, using one-stage cluster sampling. From the 705 ﬂocks, 20 (2.5%, CI95%: 2.0–3.1%) had
at least one positive ram. At the animal level, out of 1800 rams, 52 were positive (2.89%, CI95%: 0.4–5.3%).
Statistical analysis identiﬁed the following as risk factors: average ageof rams in theﬂocks (PR: 1.99, CI95%:
1.19–3.32); farms larger than5km2 (500ha) on extension area (PR: 7.46CI95%: 2.03–27.43); and the lack of
lambing paddocks (PR: 5.56, CI95%: 1.70–18.11). This study provided relevant information for authorities
to elaborate plans for the ﬁrst Brazilian state based B. ovis disease control and eradication program. To
the authors’ knowledge, this is the ﬁrst study that shows the importance of lambing paddocks in order
to keep pre-lambing and lambing ewes away from the rest of the ﬂock, the lack of this infrastructure was
considered an important risk factor for B. ovis.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction
Brucella ovis infection causes chronic epididymitis, which is
characterized by pain, swelling, and induration of the epididymis.
This disease is known to be an important cause of ram infertility
around the world (Webb et al., 1980).
B. ovis is mostly carried by mature, sexually active rams. Trans-
mission occurs via direct contact or passive venereal infection
(Radostits et al., 2007). Ewes may carry B. ovis in the vagina for
at least two months and can excrete the organism by vaginal dis-
charges and milk. In Brazil, B. ovis was ﬁrst isolated in 1972 in the
state of Rio Grande do Sul (Blobel et al., 1972), and several studies
based on non-probabilistic sampling reported prevalence among
rams ranging from 3 to 35% (Poester et al., 2002).
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The sheep industry is very important economically for the state
of Rio Grande do Sul, which holds the major part of the sheep ﬂocks
in Brazil with approximately 3.5 million animals across 50,000
ﬂocks (Santos et al., 2011). The aim of this study was to estimate
the seroprevalence of B. ovis as well and to identify potential risk
factors in ram ﬂocks.
2. Material and methods
2.1. Study area and target population
Located in Brazilian’s southern region, the state of RioGrande do
Sul has an area of 268,781,896km2 (3.16% of the country) (Fig. 1).
It is divided into seven regions, which are subdivisions of Brazilian
states (Fig. 1). The state holds 22.9% of Brazil’s sheep population
(IBGE, 2010).
The target population comprised rams more than six months of
age in the state of Rio Grande do Sul. The exact number of rams was
not known, so it was estimated using the mean number of ewes of
reproductive age.
http://dx.doi.org/10.1016/j.prevetmed.2015.05.009
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Fig. 1. Location of 705 sampled and 18 positive ﬂocks in Rio Grande do Sul state (Brazil) examined for Brucella ovis. The names of the regions are indicated (1: Northwest
Region, 2: Northeast Region, 3: Southwest Region, 4: Western central Region, 5: Eastern central Region, 6: Metropolitan Region, 7: Southeast Region).
2.2. Survey design and sample collection
A one-stage cluster sampling was performed, with all the rams
more than six months of age (rams considered for breeding or for
sale reasons) within a ﬂock considered a cluster. The clusters were
selected by stratiﬁed random methods. The number of clusters (nc)
was obtained using the formulae:
nc = 1.96
2 × (nr × Vc) + P × (1 − P)
nr × d2 (1)
where nr is the predicted average number of rams per cluster, i.e.,
2.8, Vc is the between-cluster variance, P the expected prevalence
of 10% (Magalhães Neto and Gil-Turnes, 1996), and d is the desired
absoluteprecision,whichwas5%. Sinceno informationabout theVc
was available, a value of 0.42 was used in order maximize the sam-
ple size up to the limit of the resources available. Aminimumof 695
clusterswas required to accomplish the sampling parameters used.
A sampling frame containing the producer’s name (N=46,874),
location, and number of sheep in the ﬂock was available from the
Secretary of Agriculture, Livestock and Agribusiness of the state of
Rio Grande do Sul (SEAPA-RS). The ﬂock containing rams was con-
sidered the sampling unit for selection purposes (i.e., the clusters).
A stratiﬁed random sample proportional to the ﬂock population
present within each seven region (strata) was performed and each
ﬂock was randomly sampled from all the individual strata (Fig. 1).
All the rams more than six months of age were collected from the
selected ﬂock. If a sampled ﬂock had no ramsmore than sixmonths
of age, the nearest ﬂock was chosen.
Blood was collected, animals were ear tagged and general indi-
vidual information were collected (age, breed). Serum samples
were tested by the AGID technique with sensitivity and speciﬁcity
of 96.4% and 100%, respectively (Marin et al., 1989). The mean
prevalence adjustment for test accuracy was made according to
Thrusﬁeld, 2007.
A structured questionnaire was designed to gather information
about potential risk factors associatedwith the occurrence of B. ovis
infection in the studied ﬂocks.
2.3. Statistical analysis
2.3.1. Estimation of seroprevalence
The seroprevalence of the rams was estimated using SAS SUR-
VEYFREQ. This procedure estimates the frequencies for levels of
the categorical variables (regions and clusters), together with their
standard errors and conﬁdence limits in order to ﬁt the sampling
design. Details about the SAS code and the standard error are pro-
vided in the Appendix A. A ﬂock was classiﬁed as positive when at
least one ram was found to be positive. The ﬂock’s seroprevalence
and the standard error were estimated.
2.3.2. Univariate analysis
A zero-inﬂated negative binomial regression (ZINB) using the
SAS GENMOD procedure was used in this study. A ZINB models
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Table 1
Distribution of sampled ﬂocks, frequency (number) of positive ﬂocks and animals
examined for Brucella ovis per region of Rio Grande do Sul state (Brazil).
Region Total ﬂocks (N) Positive ﬂocks Positive animals
1 Northwest 8905 (19%) 1.5% (2/133) 3.3% (9/270)
2 Northeast 3324 (7.1%) 0% (0/49) 0% (0/68)
3 Southwest 11,644 (24.8%) 5.7% (10/174) 5.4% (35/645)
4 Western central 5374 (11.5%) 0% (0/82) 0% (0/164)
5 Eastern central 2359 (5%) 2.6% (1/38) 2.0% (1/51)
6 Metropolitan 4114 (8.8%) 0% (0/61) 0% (0/138)
7 Southeast 11,154 (23.8%) 3.0% (5/168) 1.5% (7/464)
Total 46,874 (100%) 2.5% (18/705) 2.9% (52/1800)
commonly applied when the number of events is small (Gardner
et al., 1995). The outcome variable was the number of test-positive
animals from each ﬂock (count). A standard univariate analysis
was ﬁrst conducted. Subsequently, all variables with P-value ≤0.25
(Wald-type-III) were selected for inclusion in the multivariable
analysis. Correlation coefﬁcients were estimated to verify the rela-
tionship between all selected independent variables to check for
potential colinearity, in which a coefﬁcient >0.70 was considered a
high correlation. Interactions between all pairwise variables suit-
able for the multivariable model were examined and, if signiﬁcant
(P≤0.05), were further analyzed.
2.3.3. Multivariable analysis
The multivariable ZINB regression model was built by man-
ual forward selection with ﬁnal manual backwards elimination
(Dohoo et al., 2009). During each round of model building, the
best model chosen was the one with the lowest Akaike informa-
tion criterion (AIC). The ﬁnal model was adjusted using backwards
elimination to remove variables that had subsequently become
non-signiﬁcant (P≥0.05). Confounding effects were investigated
by checking changes in the point estimates of the variables that
were kept in the model. Changes in parameter estimates higher
than 25% were considered as a confounding factor and when it was
detected, it was kept on the model for confounding control. Total
farm area and number of animals, were detected as confounding
factors since it changed the parameter estimation to over the 25%.
3. Results
3.1. Farms’ general characteristics
For computation purposes, the average age of rams in the ﬂocks
had an overall standard deviation of 2.31 and ranged from 1 to
35.5 months of age (median: 4). The average number of rams at six
months of age or older was 2.6 (CI95%: 2.14–2.95) per ﬂock. More
details about the population can be found in (Silva et al., 2013).
3.2. B. ovis prevalence
The number of sampled rams examined for the presence of anti-
bodies against B. ovis by AGID was 1800 rams out of 705 ﬂocks,
with a median of one animal sampled per cluster (ranging from 1
to52). A total of 52 ramswerepositive. Theestimatedanimalpreva-
lence of B. ovis was 2.89% (CI95%: 0.4–5.3%). The mean prevalence
adjusted for test imperfection was 3.0%. The majority of positive
animals and ﬂocks were raised in the southwest region (5.4% and
5.7%, respectively, Fig. 1); however, no differences were observed
among all seven strata prevalence regions (P=0.08). The sample
distribution among strata is depicted in Table 1 and Fig. 1. Eigh-
teen ﬂocks (2.55%) had at least one positive ram (CI95%: 2.0–3.1%,
Table 1).
3.3. Risk factor analysis
In the univariate ZINB regression model, 17 variables showed
P≤0.25 (Table 2). The correlation analysis showed a relevant cor-
relation between the variables “farm area used for sheep raising
(P=0.007)” and “total farm area (P=0.0002)” (r=0.91). Variables
with a high P-value were not included in the multivariable model.
In the ﬁnal multivariable model, three factors remained signif-
icantly associated with the presence of positive animals within
ﬂocks. The risk of B. ovis increased with increasing average age
of rams present in the ﬂock (PR: 1.99, CI95%: 1.19–3.32). Farms
larger than 5km2 (500ha) had ∼7.5 fold greater risk of being B.
ovis positive than small family farms <0.5Km2 (50ha); (PR: 7.46
CI95%: 2.03–27.43), andﬁnally farms that did not have lambing pad-
docks, were 5.5 times more likely to have seropositive rams than
farms with this type of paddock (PR: 5.56, CI95%: 1.70–18.11). Two
selected confounder variables were forced into the model since
they changed parameter estimates over 25% and due to a priori
knowledge: “number of animals” and “total farm area”. The model
ﬁtted the data sufﬁciently well, as the deviance value/d.f. was 0.94.
4. Discussion
4.1. B. ovis prevalence
B. ovis rams-population level seroprevalence (2.9%) and ﬂock-
level seroprevalence (2.5%) found in Rio Grande do Sul was lower
than shown in previous study (13.7%) done in the same region
(Magalhães Neto, Gil-Turnes, 1996) and different from the stud-
ies done in other states (Poester et al., 2002; Souza et al., 2012).
The adjusted prevalence (3%) was very similar to the apparent
prevalence. Since little is known about the test performance of the
applied diagnostic assay under local conditions, future studies to
establish the exact parameters of the assay would further reduce
the uncertainties in the analyses of the obtained data.
This is the ﬁrst study that has estimated the seroprevalence
of epididymitis (B. ovis) based on a probabilistic sample in Brazil.
In contrast to our ﬁndings, (Clementino et al., 2007), in the state
of Paraiba, obtained a ﬂock-level prevalence of 8.59% of rams of
reproduction age. Other studies in Brazil have shown serological
variation from 3.2% to 11.8% (Souza et al., 2012) However, these
studies were based on convenience samples that may have overes-
timated the real prevalence since the samples were obtained from
suspect, most likely diseased animals.
4.2. Risk factor for B. ovis
Average age of rams in the ﬂocks was found to be a risk of being
positive for B. ovis (PR: 1.99). An increase in the average age of one
month almost doubled the risk of being tested positive. The high
risk of being seropositive in the older animals demonstrates the
chronic nature of B. ovis, since venereal transmission seems to be
the main way of spreading brucellosis caused by B. ovis (Blasco,
1990) and adult animals are more likely to be naturally infected
due to longer and more frequent sexual experience (Walker et al.,
1986). Others have described B. ovis as being chronic and have
demonstrated an increased chance of infection with age (Radostits
et al., 2007). The total farm area was found to be a risk factor for B.
ovis. Flocks larger than 5km2 (500ha) on extension had a ∼7 fold
greater chance of being positive than small family farms (<0.5 km2
(50ha), PR: 7.46). Another study found that larger herd sizes are
a risk for brucellosis, since sanitary measures are poorer in larger
herds compared to small herds (Mohammed et al., 2011).
Finally, a ﬂock not having paddock in order to keep pre-lambing
and lambing ewes separate, was found to be a risk factor (PR: 5.56).
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Table 2
Zero-inﬂated negative binomial regression model of the number of positive animals for AGID at each ﬂock.a
Variables Univariate analysis Multivariable analysisb
P-value PR (CI: 95%) P-value PR (CI: 95%)
Confounderb
Number of animals
Continuous 0.34 0.89 (0.79–1.04) 0.44 0.99 (0.94–1.00)
Risk factorb
Average age of rams in the ﬂocks
Continuous <0.001 2.28 (1.25–4.15) 0.007 1.99 (1.19–3.32)
Total farm area <0.001
< 0.5 km2 0.19 (0.06–0.64) – –
0.5–5km2 0.14 (0.03-0.55) 0.61 0.65 (0.12–3.33)
>5km2 – 0.002 7.46 (2.03–27.43)
Whether farm had lambing paddocks 0.01 0.004 –
No 3.58 (1.29–9.92) 5.56 (1.70–18.11)
Yes – –
Wool production 0.11 –
No 2.56 (0.80-8.18) –
Yes – –
Type of exploration 0.01 –
Commercial 0.26 (0.09–0.73) –
Subsistence – –
Number of rams 0.05 –
1 0.21 (0.06–0.72) –
2 0.30 (0.07–1.37) –
3–4 0.14 (0.02–0.97) –
>4 – –
Area used to farm sheep 0.08 –
<0.5 km2 0.16 (0.03–1.02) –
0.5–1km2 0.83 (0.25–2.74) –
>1km2 – –
Stock density 0.06 0.13 (0.01–1.84) – –
Flock size <0.001 –
<25 animals 0.09 (0.02–0.31) –
25–100 animals 0.08 (0.02–0.30) –
>100 animals – –
Whether farm had veterinary service 0.14 –
No 0.46 (0.16–1.29) –
Yes – –
Animal purchasing 0.06 –
No 0.26 (0.06–1.15) –
Yes – –
Whether sheep grazed on equine paddocks 0.06
No 2.82 (1.02–7.24) –
Yes – –
Whether farm separated animals by age 0.006 –
No 4.53 (1.53–13.45) –
Yes – –
a P-values and PR with 95% CI.
b Overall data of the ﬁnal model: x2 = 657.9978, LL =−90.3631, model d.f. = 695, value/d.f. = 0.94.
The lack of this facility can expose animals to infectious excre-
tionsandconsequently increaseB. ovisprevalence in thepopulation
throughdirect contact betweenewe-to-ram, ewe-to-ewe, andeven
ewe-to-lamb, since ewes can also be a mechanical vector for trans-
mission of brucellosis (Brown et al., 1973). This risk factor makes of
importance, since during lambing season ewes pose a higher risk
of transmission B. ovis when compared to before and after, fur-
thermore, good husbandry and management systems, isolation of
abortedanimals anddry-pen lambingareeffectivemeasures for the
reduction of infection within the ﬂock (Salman and Meyer, 1984)
5. Conclusions
This survey estimated animal and ﬂock prevalence of B. ovis
and identiﬁed that the prevalence of B.ovis in rams is low when
compared with other countries. The study gives valuable informa-
tion that can be incorporated into heath policy initiatives, such as
the voluntary ofﬁcial control program at the state level that was
launched as a result of this study (PROESO, 2013). The identiﬁed
risk factors illustrate that old rams that remain in theﬂock formany
years may be a continuous source of transmission of B. ovis. The
size of the farm should be considered when speciﬁc health mea-
sures are undertaken, and a lambing paddock could be included in
the ﬂock facilities to reduce the transmission of the agent within
ﬂocks, and to reduce prevalence of positive rams, and ﬁnally to
reduce reproduction losses due to B. ovis.
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